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Prediction of Salmonella carcass contamination by a comparative quantitative analysis of E. coli and Salmonella during pig
slaughter
Faecal contamination of carcasses in the slaughterhouse is generally considered to be the source of Salmonella on pork.
In this study the hygiene indicator Escherichia coli is used to quantify faecal contamination of carcasses and it is
hypothesized that it can be used to predict the quantitative carcass contamination with Salmonella, when the distribution of
Salmonella concentrations in faeces is known. Paired pig sample data (faecal samples and carcass swabs) were obtained
from five slaughterhouses and analysed for prevalence and concentrations of E. coli and Salmonella. A simple model was
developed to describe the faecal contamination of carcasses using the E. coli data. The E. coli results suggested different
hygiene performances in different slaughterhouses, and showed that a model assuming that carcasses are predominantly
contaminated by their own faeces was not appropriate. Observed Salmonella prevalences were low (on average 1.9% on
carcasses) and between slaughterhouses the prevalences ranked differently than the hygiene performance based on the
E. coli data suggested. Also, the Salmonella concentrations predicted using E. coli as a faecal indicator were lower than
the observed Salmonella concentrations. It is concluded that the faecal carriage of Salmonella together with the faecal
contamination of carcasses, as predicted from E. coli data in the animal faeces and hygiene performance of the
slaughterhouse, is not sufficient to explain carcass contamination with Salmonella. Our extensive data set showed that
other factors than the observed faecal carriage of Salmonella by the individual animals brought to slaughter, play a more
important role in the Salmonella carcass contamination of pork.
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Description of Extended Pre-Harvest Pig Salmonella Surveillance-and-Control Programme and its Estimated Effect on
Food Safety Related to Pork
Salmonella in pork can be combated during pre- or post-harvest. For large slaughterhouses, post-harvest measures like
decontamination might be cost-effective while this is less likely with small-to-medium sized slaughterhouses. In this study,
pre-harvest measures might be more relevant. We describe an extended surveillance-and-control programme for
Salmonella in finisher pigs, which, to establish equivalence to the Swedish control programme, is intended for
implementation on the Danish island, Bornholm. The effect of the programme on food safety was estimated by analysing
Salmonella data from pig carcasses originating from herds that would have qualified for the programme during 2006–2008.
Food safety was interpreted as prevalence of Salmonella on carcasses as well as the estimated number of human cases
of salmonellosis related to pork produced within the programme. Data from the Danish Salmonella programme were
obtained from Bornholm. We used a simulation model developed to estimate the number of human cases based on the
prevalence of Salmonella on carcass swabs. Herds are only accepted in the programme if they have one or less
seropositive sample within the previous 6 months. In this way, the Salmonella load is kept to a minimum. The programme
is not yet in operation and pigs that qualify for the programme are currently mixed at slaughter with those that do not
qualify. Therefore, we had to assess the impact on the carcass prevalence indirectly. The prevalence of Salmonella in
carcass swabs among qualifying herds was 0.46% for the 3 years as a whole, with 2006 as the year with highest
prevalence. According to the simulation the expected number of human cases relating to pork produced within the
programme was below 10. When the programme is in operation, an extra effect of separating pigs within the programme
from those outside is expected to lower the prevalence of Salmonella even further.
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Control charts for identifying systematic errors using control sera to detect antibody to Salmonella in an indirect ELISA
This study evaluated the preparation of Shewhart's control charts using the concept of rational subgroups for monitoring
the Salmonella antibody ELISA used for surveillance of Danish pig herds. Control charts were prepared for a buffer control
sample, a negative serum sample and a positive serum sample. The quality control variables were the natural logarithm
(In) of the uncalibrated optical density (OD) for the buffer control sample and the negative serum sample, and the
calibrated OD (OD%) for the positive serum sample. Testing round (run) within laboratory robot was chosen as the
subgroup, and separate control charts were prepared for five robots. The control limits were set at six times the standard
deviation for In(OD) and three times the standard deviation for OD%. Evaluation based on a number of sensitising rules
for control charts produced from historical data showed that use of the control charts could reveal systematic analytical
errors.
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Demonstrating freedom from disease using multiple complex data sources 2: Case study-Classical swine fever in
Denmark
A method for quantitative evaluation of surveillance for disease freedom has been presented in the accompanying paper
(Martin et al., 2007). This paper presents an application of the methods, using as an example surveillance for classical
swine fever (CSF) in Denmark in 2005. A scenario tree model is presented for the abattoir-based serology component of
the Danish CSF surveillance system, in which blood samples are collected in an ad hoc abattoir sampling process, from
adult pigs originating in breeding herds in Denmark. The model incorporates effects of targeting (differential risk of
seropositivity) associated with age and location (county), and disease clustering within herds. A surveillance time period of
one month was used in the analysis. Records for the year 2005 were analysed, representing 25,332 samples from 3528
herds; all were negative for CSF-specific antibodies. Design prevalences of 0.1-1% of herds and 5% of animals within an
infected herd were used. The estimated mean surveillance system component (SSC) sensitivities (probability that the SSC
would give a positive outcome given the animals processed and that the country is infected at the design prevalences) per
month were 0.18, 0.63 and 0.86, for among-herd design prevalences of 0.001, 0.005 and 0.01. The probabilities that the
population was free from CSF at each of these design prevalences, after a year of accumulated negative surveillance
data, were 0.91, 1.00 and 1.00. Targeting adults and herds from South Jutland was estimated to give approximately 1.9,
1.6 and 1.4 times the surveillance sensitivity of a proportionally representative sampling program for these three among-
herd design prevalences.
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Impact on disease spread of trade patterns determined by the network of Danish swine industry movements of animals
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Relationship of trade patterns of the Danish swine industry animal movements network to potential disease spread
The movements of animals were analysed under the conceptual framework of graph theory in mathematics. The swine
production related premises of Denmark were considered to constitute the nodes of a network and the links were the
animal movements. In this framework, each farm will have a network of other premises to which it will be linked. A premise
was a farm (breeding, rearing or slaughter pig), an abattoir or a trade market. The overall network was divided in premise
specific subnets that linked the other premises from and to which animals were moved. This approach allowed us to
visualise and analyse the three levels of organization related to animal movements that existed in the Danish swine
production registers: the movement of animals between two premises, the premise specific networks, and the industry
network. The analyses of animal movements were done using these three levels of organisation. The movements of swine
were studied for the period September 30, 2002 to May 22, 2003. For daily movements of swine between two slaughter
pig premises, the median number of pigs moved was 130 pigs with a maximum of 3306. For movements between a
slaughter pig premise and an abattoir, the median number of pigs was 24. The largest percentage of movements was from
farm to abattoir (82.5%); the median number of pigs per movement was 24 and the maximum number was 2018. For the
whole period the median and maximum Euclidean distances observed in farm-to-farm movements were 22 km and 289
km respectively, while in the farm-to-abattoir movements, they were 36.2 km and 285 km. The network related to one
specific premise showed that the median number of premises was mainly away from slaughter pig farms (3) or breeder
farms (26) and mainly to an abattoir (1535). The assumption that animal movements can be randomly generated on the
basis of farm density of the surrounding area of any farm is not correct since the patterns of animal movements have the
topology of a scale-free network with a large degree of heterogeneity. This supported the opinion that the disease spread
software assuming homogeneity in farm-to-farm relationship should only be used for large-scale interpretation and for
epidemic preparedness. The network approach, based on graph theory, can be used efficiently to express more precisely,
on a local scale (premise), the heterogeneity of animal movements. This approach, by providing network knowledge to the
local veterinarian in charge of controlling disease spread, should also be evaluated as a potential tool to manage
epidemics during the crisis. Geographic information systems could also be linked in the approach to produce knowledge
about local transmission of disease.
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Development and evaluation of a mixed long-chain lipopolysaccharide based ELISA for serological surveillance of
infection with Actinobacillus pleuropneumoniae serotypes 2, 6 and 12 in pig herds
The objective was to develop an enzyme-linked immunosorbent assay (ELISA) for simultaneous detection of antibodies
against Actinobacillus pleuropneumoniae (Ap) serotypes 2, 6 and 12. The assay was designated MIX-ELISA.
Lipopolysaccharide (LPS) from Ap serotypes 2, 6 and 12 was purified using hot phenol-water extraction followed by
fractionation by size-exclusion chromatography. A mixture of fractions containing molecules with molecular weight above
50 kDa from all three serotypes was used as antigen. The MIX-ELISA was evaluated with sera from pigs experimentally
infected with the serotypes 1, 2, 5b, 6, 7, 8, 10 and 12 of Ap biotype 1. In addition to reaction with sera from pigs
inoculated with Ap serotypes 2, 6 and 12, reaction was observed with sera from pigs inoculated with serotype 8.
Furthermore, the sensitivity and specificity of the test on a herd level were evaluated with sera from herds naturally
infected with serotypes 2, 6 or 12 and with sera from herds free of infection with any Ap serotype of biotype 1. The ELISA
showed a high herd sensitivity (0.98 95% confidence interval: 0.89-1.00) and specificity (0.95; 0.88-0.99). The high
diagnostic sensitivity and specificity of the assay indicate that screening of herds for Ap infection can be performed using
this ELISA. Efficient serological surveillance can be achieved by using such mixed antigen ELISAs coated with size-
selected LPS-antigens from the most prevalent serotypes.
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Airborne transmission of A. pleuropneumoniae and PRRS virus between pig units
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Carrier animals in a Danish High Health multiplying herd recently infected with Actinobacillus pleuropneumoniae serotype
2
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Detection of antibodies to Actinobacillus pleuropneumoniae serotype 12 in pig serum using a blocking enzyme-linked
immunosorbent assay
The objective was to develop a blocking enzyme-linked immunosorbent assay (ELISA) for detection of antibodies to
Actinobacillus pleuropneumoniae (Ap) serotype 12 in pig serum. Lipopolysaccharide (LPS) from Ap serotype 12 was
purified and used as antigen in the assay. Antibodies to the LPS antigen in samples of pig serum were detected by
inhibition of the binding of polyclonal rabbit antibodies raised against Ap serotype 12. The assay was evaluated against
sera from experimentally infected pigs, from pig herds naturally infected with Ap and from herds declared free of Ap
serotypc 12 infection. The blocking ELISA showed no cross-reaction when tested with sera from pigs experimentally
infected with 12 other serotypes of Ap biotype 1. The sensitivity and specificity of the blocking ELISA on the herd level was
evaluated by testing sera from pig herds naturally infected with Ap serotypes 2 and/or 12 and from herds declared free of
infection with Ap. The Ap serotype 12 blocking ELISA showed a herd sensitivity of 0.77 (95% confidence interval, 0.62-
0.88) and a herd specificity of 1.00 (0.95-1.00) with a cut-off value at 40% relative absorbance or 60% inhibition. The
assay may be used advantageously as a confirmatory test in serological surveillance programmes for Ap infections in SPF
systems for pig production.
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Evaluation of an enzyme-linked immunosorbent assay for serological surveillance of infection with Actinobacillus
pleuropneumoniae serotype 5 in pig herds
An indirect enzyme-linked immunoassay for serological surveillance of infection of pigs with Actinobacillus
pleuropneumoniae (Ap) serotype 5 was developed. The antigen used was prepared from Ap serotype 5b strain L20.
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) analysis showed that the antigen contained high
molecular weight lipopolysaccharide (LPS) and presumably also capsular polysaccharide (CP). The Ap serotype 5 ELISA
was tested using sera from pigs experimentally infected with the 12 different Ap serotypes of biotype 1 and with sera from
herds naturally infected with Ap serotypes 5, 6, 7 and 12. Cross-reactions were shown in one pig from a herd naturally
infected with Ap serotype 7 and in one pig from a herd naturally infected with Ap serotype 12. The herd sensitivities of the
Ap5 ELISA and a complement fixation test (CFT) were both estimated to 1.0, on the basis of serum samples from six
herds naturally infected with Ap serotype 5. The herd specificities of both tests were estimated to 0.98, based on serum
samples from 123 pig herds (10 samples from each herd) from the Danish specific pathogen-free (SPF) programme for
pig production.
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Prevalence of APP serotypes 1, 5, 7, 10 and 12 in Danish SPF pig producing herds
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Sensitivity and specificity of a blocking ELISA and a CF test for APP 6 in Danish SPF-swine herds
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Blocking enzyme-linked immunosorbent assay for detection of antibodies against Actinobacillus pleuropneumoniae
serotype 6 in pig serum
A blocking enzyme-linked immunosorbent assay (ELISA) detecting antibodies against Actinobacillus pleuropneumoniae
(Ap) serotype 6 was developed. The blocking ELISA was based on the inhibition of a polyclonal antibody raised against
Ap serotype 6. Purified lipopolysaccharide from Ap serotype 6 was used as antigen. The blocking ELISA was tested
against sera from pigs experimentally infected with the 12 serotypes of Ap biotype 1. Cross-reaction with serotypes 3 and
8 but not with other serotypes was observed. The sensitivity and specificity of the test on a herd level were evaluated with
sera from herds naturally infected with serotypes 2, 6, 8 or 12 and with sera from herds free of infection with any Ap
serotype. The blocking ELISA showed a high herd sensitivity (1.00 (0.79-1.00)) and specificity (0.97 (0.93-0.99)).
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Designing serological surveillance programmes to document freedom from disease with special reference to exotic viral
diseases of pigs in Denmark
Surveillance programmes based on laboratory screening tests are increasingly used to document freedom from disease in
order to facilitate trade, The following aspects must be considered when designing such programmes: diseases to be
selected; epidemiology of the diseases; unit of analysis (animal or herd); target age group (or target farm type); test
characteristics and sample size. Issues related to these aspects are discussed and illustrated using the example of
serological surveillance for exotic viral diseases in the pig population of Denmark, Sampling designs based on individual
animal samples are compared with herd-based sampling (two-stage sampling). While the latter is likely to require a larger
sample size, the increased level of information and the reliability of the results obtained are considered to be worth the
expense. Issues related to the development of international standards for declaring freedom from disease are discussed.
The authors conclude that international standards are desirable, providing that these standards represent scientifically
valid principles.
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Maximum likelihood and Gibbs sampling estimation of sensitivity and specificity of a blocking ELISA and two immune
peroxidase assays for measuring antibodies against PRRS-virus
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Distribution of serotypes and Apx-genes in Actinobacillus pleuropneumoniae isolated from Danish SPF herds
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Evaluation and application of ribotyping for epidemiological studies of Actinobacillus pleuropneumoniae in Denmark
The aim of the present study was to evaluate ribotyping as an epidemiological tool for Actinobacillus pleuropneumoniae
and apply the method in studies of A. pleuropneumoniae infections in Danish pig herds. The evaluation of ribotyping was
based on the 13 international reference strains and 106 epidemiologically unrelated Danish field strains representing the
nine serotypes of biotype 1 (1, 2, 5A/B, 6, 7, 8, 10, 12, and K2:O7) and one serotype 14 of biotype 2. Enzymes CfoI and
HindIII were chosen for generation of ribotype patterns. Ribotyping of the reference strains resulted in 10 CfoI types and II
HindIII types. Ribotyping of the Danish strains resulted in 17 different CfoI ribotypes and 24 different HindIII ribotypes.
Combining HindIII- and CfoI-ribotyping divided the Danish strains into 26 different types. The stability, reproducibility and
typability of ribotype patterns were good, and the discriminatory power was between 0.85-0.89. The relatively low
discriminatory power was caused by four predominant types, containing 61% of the isolates. The typing system was
applied in studies of routes of infection of specific pathogen-free (SPF) pig herds and included 112 strains of A.
pleuropneumoniae. Airborne transmission from neighboring conventional pig farms was investigated in 12 cases of
infected SPF herds. Transmission via vehicles transporting pigs between SPF herds was investigated in nine cases while
transmission by trading of pigs between SPF herds was investigated in two cases. Serotype 2 was isolated from all SPF
herds included in this study, except one, emphasizing the high prevalence of this serotype in Denmark. By ribotyping,
airborne transmission was indicated in five of 12 cases, transmission via pig transporting vehicle was indicated in six of
nine cases, and transmission via trading was indicated in one of two cases. In many cases findings of predominant
ribotypes made interpretations of suspected routes of transmission difficult. The relationship of strains based on ribotypes
was calculated using Dices coefficient and clustered by UPGMA. HindIII ribotypes of serotype 2 strains were closely
related, though only showing 33% similarity to HindIII ribotypes of remaining serotypes. (C) 1998 Elsevier Science B.V. All
rights reserved.
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